Introduction
============

Cardiopulmonary bypass with subsequent chemical changes is caused by electrophysiological changes in the ventricle.[@B1]-[@B3] Correction of congenital heart disease, due to hemodynamic changes, can cause changes in the electrocardiogram (ECG).[@B4]-[@B7] ECG changes after the correction of congenital heart disease, especially changes in the corrected QT interval (QTc) have not been sufficiently studied,[@B7] especially in patients who underwent ventricular septal defect (VSD) surgery at less than one year of age. This study was performed to examine the progress of patients with increased QTc after VSD patch repair and to identify associated factors.

Subjects and Methods
====================

Subjects
--------

The study time period was a total of five years, from January 2008 to December 2012. During this period, a total of 154 patients less than one year of age underwent VSD patch repair at the Severance cardiovascular hospital. Among them, 105 patients who did not have any missing data were analyzed retrospectively. Pre- and post-operative and one-month follow-up ECGs were analyzed. Patient demographics {height, weight, and body surface area (BSA)} were investigated. The electrolyte data (Na, K, Ca, Mg) were obtained post-operation. Through the patients\' records, the Aristotle score (basic and comprehensive), cross-clamp time, and bypass time were investigated. The basic Aristotle score is a procedure-adjusted complexity and only applies to procedures. The comprehensive Aristotle score includes patient-adjusted complexity. It includes two categories of complexity factors: 1) procedure-dependent factors that adjust each patient\'s procedure to a specific complexity (anatomical factors, associated procedures, age); and 2) procedure-independent factors that adjust for each patient\'s clinical status and specific complexity (general factors, clinical factors, extra-cardiac factors, surgical factors). Each factor is scored for contribution to mortality, morbidity, and difficulty. During the post-operative course, intubation time, intensive care unit (ICU) stay, and incidence of arrhythmia were investigated.

Electrocardiogram follow-up protocol
------------------------------------

Pre-operative 12-lead ECG was performed in all patients, and the ECG performed closest to the surgery was taken as the pre-operative ECG. The post-operative ECG was performed within 24 hours after surgery. The one-month follow-up ECG was performed in the outpatient clinic. In the ECG analysis, the RR duration, QTc duration, PR interval, QRS duration, and QTc change were investigated.

Electrocardiogram data evaluation
---------------------------------

The standard 12-lead ECG was performed. The beginning of the QRS and the end of the T wave had to be clearly visible in more than three leads, including lead II. The QRS duration and QTc interval were measured from the individual lead at three different points and were averaged. The QTc was defined as the beginning of the QRS to the end of the T wave. The QTc was measured in all leads and corrected by heart rate using Bazett\'s formula.

Statistics
----------

The collected pre- and post-operative ECG data, clinical characteristics, and possible related factors were compared. The pre- and post-operative QTc values and the one-month follow-up ECG data were compared via repeated-measure analysis of variance. The other factors that may have affected the ECG change were analyzed via multiple linear regression. The data were analyzed using Statistical Package for the Social Sciences 20.0 for Windows software (IBM, Chicago, IL, USA).

Results
=======

Demographic data
----------------

The mean height of the patients was 50.8±7.8 cm; the mean weight: 5.1±1.0 kg; the mean BSA: 0.27±0.1 m^2^; and the mean age: 0.20±0.12 years. The sex ratio (male : female) of the patients was 49 : 56. The patients\' VSD types were: subaortic (18 patients), perimembranous (83 patients), and muscular (4 patients) ([Table 1](#T1){ref-type="table"}).

The patients with lower weights showed statistically significant QTc prolongation (p=0.008 in the univariate analysis; p=0.042 in the multivariate analysis). The patients with lower BSA also showed a tendency towards prolonged QTc intervals (p=0.024 in the univariate analysis; p=0.206 in the multivariate analysis). The QTc changes due to the heights and ages of the patients were not statistically significant ([Table 2](#T2){ref-type="table"}).

QTc interval
------------

The average pre-operative QTc was 413.6±2.3 milliseconds (ms), and the average post-operative QTc was 444.9±3.5 ms; 31.3±5.8 ms longer than the average pre-operative QTc (p\<0.001). Five patients with novel QTc prolongation greater than 500 ms were noted in the immediate post-operative ECG ([Fig. 1](#F1){ref-type="fig"}). In the ECG performed one month after the surgery, the average QTc was 433.0±3.6 ms, which showed a reduction (-11.9±7.1 ms) compared to the immediate post-operative ECG (p=0.007). In the one-month follow-up ECG, however, the average QTc increased compared to the pre-operative value (p\<0.001). In the ECG performed one year after the surgery, the average QTc was 436.4±30.2 ms, which did not show any significant change compared to the average QTc one month after surgery ([Fig. 2](#F2){ref-type="fig"}).

Factors associated with QTc prolongation
----------------------------------------

The Aristotle score is a scoring system that predicts the relevance of the difficulty of surgery and of the post-operative mortality and morbidity. In this study, the patients with a higher basic score had a tendency of prolonged QTc (p=0.061 in the univariate analysis; p=0.809 in the multivariate analysis). As for the comprehensive Aristotle score, which includes not only the diagnosis and the surgical technique, but also other factors that may be involved in the outcome of the surgery, the increased score pointed to a statistically significant increase in the QTc prolongation (p\<0.01 in the univariate analysis; p=0.047 in the multivariate analysis).

Transient arrhythmia, such as atrial tachycardia, junctional ectopic tachycardia (JET), premature atrial contraction (PAC), or premature ventricular contraction (PVC), occurred in 12 patients. There was a statistically significant correlation between the change in QTc pre- and post-operatively in these 12 patients (p\<0.001 in the univariate analysis; p=0.005 in the multivariate analysis).

The cross-clamp time and bypass time, which are associated with myocardial ischemia time during surgery, were investigated. Increased cross-clamp time showed a statistically significant correlation with QTc prolongation (p\<0.001 in the univariate analysis; p=0.008 in the multivariate analysis). The increased bypass time showed a tendency towards QTc prolongation, but the tendency was not statistically significant (p\<0.001 in the univariate analysis; p=0.785 in the multivariate analysis). Intubation time and ICU stay did not show statistically significant correlations with QTc prolongation ([Table 3](#T3){ref-type="table"}).

Discussion
==========

There have been many studies on the relationship between ST-segment change and myocardial ischemia,[@B8]-[@B10] but research on QTc prolongation, which is associated with depolarization and damage to the heart muscles, have not been studied intensively.[@B6][@B7]

A unique aspect of our study is the homogeneity of the patient population in terms of the patients\' ages, diseases and surgeries, as well as the fact that this study analyzed the QTc changes after surgery and studied their relationship to other factors.

The patients, all less than one year of age, who underwent surgery for VSD had post-operative QTc prolongation. This study was conducted to identify the factors influencing QTc prolongation.

There have been reports that cross-clamp time and bypass time may prolong the QTc interval after surgery. Prolonged cross-clamp time may cause transient myocardial ischemia, which may affect the depolarization of the heart.[@B7][@B11]

Some studies show that early transmural ischemia results in QTc prolongation.[@B6][@B12]-[@B14] In this study, prolonging of cross-clamp time showed a definite correlation to QTc prolongation, and prolonged bypass time also showed a tendency towards QTc prolongation.

In general, QTc prolongation is known to increase the risk of arrhythmia-related mortality and sudden cardiac death, and it also increases the risk of ventricular arrhythmias.[@B5][@B7][@B15][@B16]

In this study, ventricular arrhythmia was not detected, but the relatively small patient population was not sufficient for establishing the validity of the result. Thus, further research using a large population is needed to determine the relationship between post-operative QTc prolongation and ventricular tachycardia.

In this study, transient arrhythmia occurred in 12 patients (11.4%) after surgery, and atrial tachycardia, JET, frequent PAC, and frequent PVC occurred in 4, 1, 5, and 2 patients, respectively. These patients showed QTc prolongation immediately after the surgery, but in the one-month follow-up ECG, they returned to their pre-operative state, which indicates that the change is reversible.

One month after the surgery, it was found that the QTc interval had not returned to its pre-operative level because one month is not sufficient for full recovery from the post-operative situation. Even in the one-year follow-up, it was found that the QTc interval had not returned to its pre-operative state. It was estimated that the changes in the QTc interval were due to the changes in the heart rate as the infants grew.

Change in the QTc is known to be affected by many factors. Anesthetic and antiarrhythmic drugs inhibit potassium channels in myocytes, resulting in a prolonged QTc interval.[@B17] There is a high incidence of ventricular arrhythmia from QTc prolongation caused by drug administration.[@B18][@B19]

In this study, however, no change in QTc was detected after the administration of an anesthetic drug.

In the demographic data, weight and BSA were associated with the change in QTc interval, but age and height were less relevant to the change. In the case of age, a relatively homogeneous group of patients less than one year of age was evaluated in the study. Patients\' height was also not reflective of heart failure. Thus, age and height did not show a significant correlation with the QTc interval changes.

Electrolyte levels, intubation time and length of ICU stay also did not show ([Table 4](#T4){ref-type="table"}) a statistically significant correlation in QTc prolongation as these factors were considered in the development of operation and the development of ICU care.

There are reports that show a correlation between the Aristotle score and the occurrence of arrhythmia after surgery.[@B6][@B20] In this study, the Aristotle score, based on the scoring system that predicts the mortality and morbidity after surgery, showed a positive correlation with QTc prolongation.

The comprehensive Aristotle score was more statistically significant than the basic Aristotle score. The comprehensive Aristotle score reflects the patient\'s characteristics (weight less than 2.5 kg, preterm birth), pre-operative clinical factors (heart, lungs, infections, GIT, blood, kidneys, nervous, endocrine anomalies), extracardiac factors (such as genetic and chromosomal), and other surgical procedures (including minimally invasive procedures).

This study has a number of limitations. First, it was conducted retrospectively and ECGs were obtained based on clinical indications, rather than by a study design. Second, the QTc interval may vary depending on different factors, such as the heart rate, autonomic nervous system, body temperature, electrolyte concentration, and drugs given. This phenomenon is due to the change in the myocardial refractory period in accordance with the change in the heart rate. QTc intervals, however, are also affected by several other factors. When the QTc changes due to a change in the heart rate, it occurs over a relatively long period of time, changing slowly over several minutes, which indicates that correcting the QTc by simply looking at the heart rate may be inaccurate.[@B21] In this study, Bazett\'s formula was used, which reflects only the changes in the heart rate and does not accurately reflect the condition of the patient at the time when the ECG was performed.

In conclusion, QTc prolongation was seen after VSD repair in infants. This phenomenon was associated with peri-procedural factors such as the Aristotle score and cross-clamp time. The patients with prolonged QTc after cardiac surgery in this study showed an increased tendency towards arrhythmogenicity in the post-operative period.
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![Post-operation electrocardiogram and QTc prolongation (QTc 516 ms). HR 149, RR interval 472 ms, PR interval 98, QRS duration 58 ms, QT interval 326 ms.](kcj-43-825-g001){#F1}

![Change in QTc over time. The average pre-operative QTc was 413.6±2.3 milliseconds (ms). The average post-operative QTc was 444.9±3.5 ms, 31.3±5.8 ms longer than the average pre-operative QTc (p\<0.001). In the ECG performed one month after the surgery, the average QTc was 433.0±3.6 ms, which showed a reduction (-11.9±7.1 ms) compared to the immediate post-operative ECG (p=0.007). In the ECG performed one year after surgery, however, the average QTc was 436.4±30.2 ms, which did not show a significant change compared to the average QTc one month after the surgery (p=0.273). n=105. ECG: electrocardiogram.](kcj-43-825-g002){#F2}

###### 

Patient characteristics (n=105)
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BSA: body surface area, VSD: ventricular septal defect
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Demographic data related to QTc prolongation (n=105)
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B: unstandardized coefficients Beta, SE: standard error, BSA: body surface area
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Factors related to QTc prolongation after ventricular septal defect surgery (n=105)
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B: unstandardized coefficients Beta, SE: standard error
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Relationship between electrolyte levels and QTc prolongation (n=105)
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B: unstandardized coefficients Beta, SE: standard error
